Studies of two-beam coherent induced optical anisotropy has been performed for the cadmium sulphide nanocrystallites (NC) embedded within the different polymer matrices. The NC were fabricated by the modified electrolytical method and have been embedded into different polymer matrices: PC, PMMA, PVA. The phototreatement was performed by two space split coherent beams generated by 120 fs laser with pulse energy 23 nJ. The phototreatment has been durated several minutes until the clear diffraction grating has been observed. The monitoring of the laser induced gratings and of the anisotropy was performed using the cw 1150 nm continuous wave He-Ne laser with power about 30 mW. Varying the polarization of the laser coherent femtosecond beams we have found that the optimal gratings has been achieved for 45° polarizations between the beams. The control of the maximal laser induced gratings has been done using optically polarized method. The effect is not completely reversible and there remain some changes after switching off of the phototreatment. The anisotropy has been monitored by Senarmont method. The role of different polymers on the output photo stimulated birefringence was explored. This method may be promising for the design and engineering of optical triggers in the femtosecond laser pulse duration.
Introduction
The intensive development of pulsed laser operated devices [1] [2] [3] stimulates a search and design of novel optoelectronic materials for fast operated laser triggering [4] . Particular interest here present semiconducting NC embedded into the polymer matrices which form a very promising class of polymer nanocomposites [5, 6] . It is crucial that the principal optical parameters of polymer nanocomposites include the search of both linear and nonlinear optical constants as well as the laser operated materials [7] . The main goal of such exploration consists in the design of nanocomposites with the low power switching parameters [8] . This may be effectively achieved by formation of optical anisotropy using the two-beam color treatment at different angles [9] . Because the traditional nanosecond lasers possess relatively high parasitic photo-thermal destruction and recently very huge efforts have been devoted to the search of the femtosecond laser operated materials [10] . Due to relatively low (120 fs) pulse time duration the effects of thermo-heating are almost completely eliminated. The principal role for the laser induced applications play interfaces between the NC and surrounding polymer matrices which may be varied by different technological processes in different polymer matrices [11] .Here very crucial role begins to play a thin layer of NC on the border with different surrounding polymer matrices [12] . Normally the dipole moments of the ground as well as excited states show here a huge enhancement which determines the laser stimulated efficiencies including multi-photon processes [13] . At the same time between the polymer matrix and the NC there occurs a huge interface potential which favors the enhanced output laser stimulated abilities. For the occurrence of material anisotropy principal role begin to play bicolor coherent laser treatment at different angles because it forms an anisotropic and acentric gratings. As a consequence in this work we perform studies of the two-beam laser stimulated anisotropy by continuous wave low power beams for probing continuous wave He-Ne lasers at wavelength 1150 nm. The studies will be performed in order to achieve maximal possible optical anisotropy.
The possible ways for enhancement of the laser stimulated birefringence will be discussed and their relaxation features after the switching off of the femtosecond laser induction are also studied. The changes of the NC aggregates were explored also by TEM before and after illumination.
Sample preparation
The studied CdS NC specimens have been prepared from aqueous sodium chloride (58.442 g/L or 1.0 mol/L) and thiourea (15.22 g/L or 0.20 M) with a soluble cadmium anode and ATLAS G3300 (1.0 g/L) as a likely stabilizer of particle growth at 363.2 K at current density of 0.19 A/cm 2 with a different time of electrolysis. Some principal synthesis parameters are presented in Table 1 .
Sodium chloride, thiourea and ATLAS G3300 were transferred to a 1 L volumetric flask and dissolved in hot distilled water. The contents of the flask were brought to the mark at the experimental temperature (90 °C) in a thermostat.
The prepared solution was transferred to the electrolyzer, which is a glass with a capacity of 400 mL. Two cylindrical electrodes, one cadmium anode, and the second, a stainless steel cathode with a surface area of 5 cm 2 , were immersed into the same glass. The electrodes were mounted in a cover having openings for a contact thermometer. To power the electrolyzer we have used a DC source B5-46.
The electrolyser with the immersed electrodes and a thermometer were placed into a thermostat for thermo stabilization. After heating to a desired temperature, the timer and the power source were switched on at fixed current and voltage. Upon anode dissolution orange particles immediately began to growth around it. When the synthesis time had been reached a saturation, the electrolyzer was removed from the thermostat and left to cool up to ambient temperature.
After cooling, the contents of the glass, in which the electrolysis took place, was poured into a larger glass with distilled water and left until the next day to completely settle the powder. The next day the powder was settled on the bottom of the glass and the solution over the powder poured and has been poured into a glass of distilled water. The resulting suspension was left to defend until the next day. The washing of the powdered precipitate was carried out as long as the solution, which was poured from the glass, stopped foaming. Afterwards the precipitate was transferred to a Petri dish and dried at 50 °C. The cadmium electrode was washed with distilled water, dried in air and weighed [14] .
Synthesized orange powders were explored by scanning electron microscopy (SEM) and X-ray powder diffraction (diffractometer DRON-4-13, Cu-K α radiation). The morphology and sizes of synthetic CdS were also determined. Before the imaging samples were coated, using sputtering method, by platinum film of 30 Å thickness. Operating conditions of imaging were as follows: SE mode, 10 kV accelerating voltage and a 0.65 nA beam current.
The such obtained powders have been embedded into three different polymers-polymethylmethacrylate (PMMA), polyvinyl alcohole (PVA) and polycarbonate (PC). The powders have been incorporated into the corresponding polymers with photo initiators in liquid phase polymer matrix and applying the spin coating method as described in the ref. [15] . After they have been solidified by UV light with power about 45 W during the 5 min. The control of their sizes before and after the phototreatment had been done by a TEM method similar to the described in the ref. [16] . The control of their sizes before and after the phototreatment had been done by a TEM method and effect has been demonstrated maximal changes for 45% of NC by TEM 2000EX with an accelerating voltage of 100-1600 kV. The effect has sown maximal changes for 45% of NC. 2 Results and discussion
Sample characterization
The NC powder particles possessed sizes varying in a wide range-5-60 nm. As shown in Fig. 1 particles are predominantly of flake-like form. The average diameter of the flakes was varied within 11/60 nm and the thickness-within 2/20 nm. An increase of electrolysis time has a little effect only on the sizes and their dispersion of the synthesized particles and their aggregation. The distribution of the number of particles (as a percentage of the total number of particles) in the five different ranges from 11 to 60 nm with increment 10 nm indicates that the largest number of particles exists in the range from 21 to 30 nm (Fig. 2) . The average diameter of the particles is varied in a rather narrow range-from 24 to 27 nm.
Spread of particles in size, as seen from Fig. 2 , is insignificant. The Atlas 3300 is a good particle size stabilizer.
XRD diffractograms for all four samples are presented in Fig. 3 . Diffraction patterns for all the samples corresponding to experimental powder pattern are indicated by blue line and correspond to the theoretical pattern for the space group P6 3 mc and orange line-for F43m of CdS. The product has two defined crystalline hexagonal and cubic structure, of wurtzite and sphalerite type, respectively.
The photo-treatment has been carried out using a set-up presented in Fig. 4 .
The light of 1045 nm femtosecond laser with frequency band pass 640 MHz was split by beam splitter (BS) for two channel (Fig. 4 ). The first one serves as a fundamental channel with the wavelength 1045 nm and the second one (so called writing channel) was used for treatment by a doubled frequency coherent beam at wavelength 522 nm. The two mentioned beams were focused in the sample's surfaces within the diameter equal to about 3.5 mm which form the anisotropy due to the so called bicolor coherent optical poling [17] [18] [19] . Additionally the TEM control of the NC allows to control the changes of sizes of the embedded NC due to photoinduced piezooptics and electrostriction.
The calculated approximate content wurtzite and sphalerite are given in Table 2 .
It is clear that the structure of cadmium sulfide wurtzite prevails. The ratio of two crystalline modifications was varied from 2.4-1 to 3.3-1.
Following Fig. 5 one can see that increasing power densities of the laser stimulated beams cause significant space re-arrangement of the NC aggregates. It may be caused by laser stimulated dc-electric field due to optical poling and due to some free space of the NC embedded into the polymer matrices occurred during photosolidification. The latter was operated by time of solidification of the nanocomposites. After switching off of the external photoinduced beams there appears some relaxation of the NC, however it does not completely returns to initial state. This factor may be used in a future design of materials with the desired nonlinear optical features. The particular grain sizes and morphology did not influence essentially on the observed laser induced effect. In Fig. 6 are presented the dependences of the bicolor laser stimulated birefringence versus the two beam induced power densities for the nanocomposites for different polymer matrices. At the beginning (up to 400 MW/cm 2 ) one can see a significant increase of the birefringence and after 70 MW/ cm 2 there occurs some saturation and even a decrease. The effect may be considered like an electrooptical effect (both linear as well as quadratic) caused by laser stimulated local dc-internal electric field strength formed by bicolor coherent beams. The electrooptical effects are very sensitive to the interface potential between the NC and the surrounding specific polymer matrix. It is clear that maximal effect exists for the PVA matrix which may be a consequence of the enhanced dipole moments determining the corresponding electrooptical coefficients. After switching off of the laser stimulated treatment there remains about 15-20% of photoinduced birefringence with respect to initial state. Here some role begins also to play photo thermal effects forming the additional space electron density acentricity favoring the increasing dipole moments. The maximal effects were observed for 45° polarization orientations between two photoinducing beams. The decrease of the laser stimulated electrooptics may be caused also by occurrence of multiphoton excitations suppressing the output optical anisotropy stimulated by electrooptics. The observed effect was at least 30% higher than observed recently for the photopolymer olygoether acrylate composites [20] and other organic materials [21] .
Conclusions
A principally novel method for formation of the optical anisotropic materials has been proposed. As a material for this goal has been used the CdS electrolytically fabricated NC embedded into the polymer PVA, PC, PMMA matrices. The phototreatment was performed by two split coherent beams generated by 120 fs laser with pulse energy 23 nJ. The phototreatment has been durated several minutes until the clear diffraction grating has been appeared. As a probing beam for optical anisotropy 1150 nm cw He-Ne laser has been used. At the beginning (up to 400 MW/cm 2 ) one can see a significant increase of the birefringence and after 70 MW/ cm 2 there occurs some saturation and even a decrease. The effect may be considered like an electrooptical effect (both linear as well as quadratic) caused by laser stimulated local dc-internal electric field strength bicolor beam. The electrooptical effects are very sensitive to the interface potential between the NC and the surrounding specific polymer matrix. After switching off of the laser stimulated treatment there remains about 15-20% of photoinduced birefringence with respect to initial state. Here some role begins also to play photo thermal effect forming the additional space electron density acentricity favoring the increasing dipole moments. The maximal effects were observed for 45° polarization orientations of two photoinducing beams. 
